By indirect immunofluorescence microscopy (IIF) we have localized glycoprotein D (gD) of herpes simplex virus-infected cells to the vinculin-containing junctional areas and to the focal adhesion sites on the ventral surface of the cells. Double-staining IIF showed that gD and vinculin co-distributed in the infected cells and treatment of the infected cells 4 h post-infection with rabbit antibodies to gD prevented attachment of the cells to the growth substratum. Our results therefore support the hypothesis that gD plays a central role in the social behaviour of infected cells.
Herpes simplex virus type I (HSV-1)-infected cultured cells synthesize five well-characterized glycoproteins: gA, gB, gC, gD and gE (Spear, 1976; Bauke & Spear, 1979; Eisenberg et al., 1979; Pereira et al., 1982) , which can be found in the plasma membrane of the cells 4 h post-infection (Norrild et al., 1980) . The glycosylation of the various proteins takes place in discrete steps (Honess & Roizman, 1975; Eberle & Courtney, 1980; Wenske et al., 1982) , and the majority of the carbohydrate chains are linked to the peptide backbone through N-glycosidic bonds, although the HSV-1 type-specific gC in particular also contains O-glycosidically linked sugar chains (Norrild & Pedersen, 1982; Olofsson et al., 1983; Johnson & Spear, 1983) . The detailed route of transport of the glycoproteins from the site of synthesis to the plasma membrane and the function of the membrane-inserted glycoproteins are unknown.
We describe studies which show that gD is specifically transported to the focal adhesion areas on the ventral surface of infected Vero cells. Veto cells were grown as monolayer cultures on glass coverslips and infected with HSV-1 strain F at a multiplicity of infection of 10 p.f.u./cell . At 9 h post-infection, cells were fixed and stained by the indirect immunofluorescence method (IIF) .
In sparse cultures the IIF technique allowed identification of plaque-like patches in the cells which accumulated gD (Fig. 1) . These patches were mainly concentrated in the areas of the cells mediating adhesion to the growth substratum, and the morphology of the patches was similar to that of the focal adhesion plaques identified also in uninfected cells and known to contain the cytoskeletal protein, vinculin (Geiger, 1979; Lehto et al., 1982; Virtanen et al., 1982) . Vinculincontaining adhesion areas are known to mediate adhesion of cultured cells to the growth substratum and to be sites at which bundles of microfilaments terminate close to the cell surface membrane (Geiger, 1979) . Similar sites can be found at junctional areas of epithelial cells, corresponding to adherence junctions (Geiger et al., 1983) . Double-staining of HSV-l-infected cells with antibodies to both gD (Pereira et al., 1980) and vinculin showed co-distribution of the two proteins both at the ventral plaques and at the junctions between adjacent cells ( Fig. 2a to d) . In order to confirm that gD had accumulated at the focal adhesion plaques, HSV-l-infected cells were removed from the growth substratum and treated with rabbit antibodies reactive only with gD (Vestergaard & Norrild, 1979) or with preimmune rabbit serum. The infected cells treated with antibodies to gD could not re-attach to the growth substratum, whereas the cells treated with pre-immune serum did attach and spread 0022-1317/83/0000-5690 $02.00 © 1983 SGM Fig. 1 . Vero cells cultured in minimal essential medium (MEM) with 10~o foetal calf serum. The cells were stained for IIF 9 h after infection with HSV-1. For that purpose the cells cultured on glass coverslips were fixed with 4 ~ paraformaldehyde and permeabilized with 0-1~ Nonidet P40. Thereafter, the specimens were exposed to hybridoma antibodies against gD (Pereira et al., 1980) followed by fluorescein isothiocyanate (FITC)-coupled goat antimouse IgG antiserum (Cappel Laboratories, Cochranville, Pa., U.S.A.). Similar results were obtained with rabbit antibodies against gD. In sparse cultures of Veto cells especially, gD is seen to be located in plaque-like patches on the ventral surface of cells (marked with triangles) close to the growth substratum. Note also the staining at the junctional areas (arrow). The specimens were examined in a Zeiss Universal microscope equipped with an epiilluminator III RS and filters for FITC and tetramethylrhodamine isothiocyanate (TRITC) fluorescence. Magnifications: x 400; inset x 700. Fig. 2 . Double HF staining of HSV-l-infected Vero cells for gD (a, c) and vinculin (b, d) after 9 h of infection. For double IIF, the specimens were fixed in methanol at -20 °C and were first exposed to rabbit antibodies to vinculin Virtanen et aL, 1982) w i t h i n 5 h after seeding (Fig. 3) .
S t a i n i n g of infected cells w i t h m o n o c l o n a l a n t i b o d i e s to gC d i d not identify a similar a c c u m u l a t i o n of gC w h e r e a s g A / g B occasionally c o -d i s t r i b u t e d w i t h vinculin (results not shown).
F r o m the above, we conclude t h a t our results d e m o n s t r a t e t h a t g D is t r a n s p o r t e d specifically to the a d h e r e n c e j u n c t i o n s a n d to the v i n c u l i n -c o n t a i n i n g focal a d h e s i o n plaques. T h e f u n c t i o n of g D is largely u n k n o w n , b u t co-distribution of g D a n d v i n c u l i n a n d lack of a d h e s i o n of infected cells in the presence of a n t i b o d i e s to gD suggest t h a t o n e f u n c t i o n of g D could be to affect the integrity of the vinculin-containing adhesion and cell-cell junctional areas of infected cells. This proposal is also supported by the finding that adhesion sites contain specific glycoproteins not found elsewhere at the cell surface (Oesch & Birchmeier, 1982) . It remains to be elucidated how gD functions in the behaviour of cells but the present results suggest that gD could affect actincontaining microfilaments anchored at the focal adhesion plaques, eventually leading to rounding-up of the infected cells (Roizman, 1971) .
It should be noted that gD is apparently an essential structural component of the virus, as no mutants have been obtained so far that are deficient in synthesis of gD. Contrary to this, the other well-characterized glycoproteins of HSV-1, A, B and C, are less essential to the virus structure, and mutants that are defective in the synthesis or processing of gA/gB and gC are available (Manservigi et al., 1977; Sarmiento et al., 1979; Hoggan et al., 1960) . The HSV particles made under conditions where gA/gB synthesis is impaired are not infectious, but viral particles that lack gC are infectious, although they change what has been called the 'social behaviour' of the infected cells (Ruyechan et al., 1979; Roizman, 1971) .
Based on the observation that the gC does not appear in the focal adhesion plaques and that gA/gB may occasionally be located in these structures, it is likely that the maturation of the various glycoproteins and their transport to the cell surface followed specialized and different routes (see also Norrild et al., 1983). Additional work is necessary, however, to substantiate this hypothesis.
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